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I. EDEMA OF THE BRAIN

The basis for the well recognized variability of the clinical mani-
festations accompanying fracture of the cranial bones is readily under-
stood when the many possible alterations in the head, resulting from
this form of injury are considered. There is no single anatomic
change in any instance responsible for the character and severity of the
symptoms. The fracture is often simple, but is produced by a force
which may tear blood vessels, compress the brain, injure the content
of cranial foramina or open a path for infection from the outside.
The bruises of the brain that are so commonly present may be absent,
and still death may follow. Similarly, extradural, intra-arachnoid
(subdural) and subarachnoid hemorrhages are inconstant. Death
occurring shortly after injury is probably due in some instances to
shock.

Edema has long been recognized as one of the changes which may,
in the brain, follow trauma severe enough to fracture the cranial bones;
but the interpretation of this change, its origin and its importance
as a cause of the symptoms have not received the attention given almost
all other sequelae.

Some writers 1 believe that edema of the brain occurs when intra¬
cranial tension is increased by a foreign body (such as large intracranial
blood clots, depressed fractures, etc.) sufficiently to interfere with the
cerebral circulation. Then the capillaries and veins are compressed
and stasis of blood in the arteries and veins follows, with transudation
of fluid into the brain tissue. Transudation, however, does not always
immediately follow such embarrassment of the circulation ; frequently
a period of a day or two intervenes between the injury and its appear¬
ance. The importance of edema is that it may increase intracranial
pressure and aid in producing the fatal anemia of cerebral compression.

From the Department of Pathology, Rush Medical College.
Aided by a grant from the American Medical Association.

1. Kocher, Theodor: Hirnerschutterung, Hirndruck und chirurgische Ein-
griffe bei Hirnkrankheiten, in Nothnagel: Specielle Pathologie und Therapie
5:134, 1901. Von Bergmann and von Bruns: Von Bergmann in Handbuch der
praktischen Chirurgie, Ed. 3, 1:169-185, 1907.
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Cannon
-

does not believe that fluid will pass from blood vessels
into the brain tissue merely because blood pressure is increased ; and
he has emphasized that high blood pressure may be caused by increased
tension in the brain tissue. He attributes the occurrence of edema
to changes in osmotic pressure in the brain tissue, caused by contusion,
the latter characterized by "diffuse formation of thrombi, punctate
extravasations and thin patches of hemorrhage in the meninges" ; and
especially because the arteries are terminal vessels. He produced
great swelling of the brain by passing physiologic sodium chlorid
solution through the cerebral arteries of a cat, and concludes that edema
of the brain substance is the result of alterations in the brain tissue,
associated at times with a pressure many times greater than the blood
pressure. He believes that the edema amply explains all the signs of
intracranial tension often manifested by patients suffering from
cerebral trauma.

Courtney 3 does not regard traumatic cerebral edema as a patho¬
logic entity, but as part of a general condition that he terms "contusion,"
characterized by hyperemia, thrombosis and transudation. Relying on

Obersteiner's demonstration of vasomotor nerves for the cerebral
arteries, Courtney postulates that cerebral vascular paralysis may follow
trauma as does splanchnic paralysis. Therefore, when the brain is

injured and "contusion" occurs, the transudate, unabsorbed because
of vasomotor paralysis, compresses contiguous regions progressively
until cerebral and bulbar anemia results.

"Hirnschwellung," a condition in which the ratio that has been
established between brain weight and cranial volume under normal
conditions is disturbed, so that the weight of the brain exceeds the
normal figure for a given cranial volume, is present in some instances
of fracture of the cranial bones. Reichardt4 believes that the pressure
symptoms frequently noted after cerebral injury are due to such an

alteration of that ratio. Although Reichardt, who first described
".Hirnschwellung," could not find microscopic changes to explain the

phenomenon, others " have described degenerative changes ("ameboid

2. Cannon, W. B.: Intracranial Pressure After Head Injuries, Boston M.
& S. J. 145:158, 1901.

3. Courtney, J. W.: Traumatic Cerebral Edema: Its Pathology and Sur-
gical Treatment: A Critical Study, Boston M. & S. J. 140:345, 373, 393, 1899.

4. Reichardt, M.: Bericht \l=u"\berFolgen der Hirnverletzungen, Deutsch. Ver.
f. Psychiat., April, 1918; Deutsch. Ztschr. f. Nervenh. 28: 1905; Berl. klin.
Wchnschr. 55:822, 1918.

5. Perusini: L'anatomia pathologica in Psichiatria, Riv. sper. di freniat.
35: 1909. Alzheimer: Beitr. z. Kenntn. d. path. Neuroglia usw., Nissl-Alz-
heimer hist. u. histopath. Arbeiten 3: 1911.
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glia cells and cells with fibrinoid granules"). Reichardt 6 has expressed
the belief that the underlying process is absorption of water by proto¬
plasm and not a transudate outside the cells. Attempts to reproduce
this condition in animals have so far failed.7

Some writers 8 explain edema of the brain by changes in the rate
of secretion or absorption of cerebrospinal fluid. Rawling states :

If as a result of some head injury, the intracranial venous pressure is
considerably raised, so as to be well above the tension of the cerebrospinal
fluid, the normal rate of absorption of cerebrospinal fluid will be impeded and
it will collect in excess.

"Reactionary swelling" of the brain to trauma is another term
applied to edema of the brain by some,9 to explain the frequent presence
of excess fluid in the cranial cavity and the clinical manifestations of
cerebral compression in fracture of the cranial bones.

Encephalitis and edema of the brain, following cerebral trauma,
are factors which may produce a vicious circle leading to venous

hyperemia, and then more edema, until anemia of the brain results,
according to Garrow.10

Rogers " believes that extradural or subdural hemorrhage is never

alone adequate to explain death, but that the small hemorrhages accom¬

panied by edema (produced by "irritation") cause intracranial pressure
sufficient to destroy life.

The only common factor in the above mentioned opinions is that
there is an increase of fluid in the cranial cavity in some instances after
fracture of the cranial bones. There still remain questions regarding
edema in general which are not answered, and until they are, any
discussion of the factors involved in edema of the brain must of
necessity be largely theoretical.

The production of cerebral edema in vivo, simulating closely the
edema found after cerebral trauma, was accomplished by Weed and

6. Reichardt, M.: Ueber Hirnschwellung, quoted by Barbieri and Carbone:
Biochem. Ztschr. 49:293, 1913.

7. Barbieri and Carbone: Biochemische Studien \l=u"\berdie Gehirnschwellung:
(a) Die akute Schwellung des Gehirns und die kolloidale Lehre vom Odem,
Biochem. Ztschr. 49:293, 1913. Liesegang and Mahr: Hirnschwellung. Die
Physik und Chemie der Hirnschwellung, Ergebn. d. Neurolog. u. Psychiat.
2:157, 1912.

8. Rawling, L. B.: Cerebral Edema (Excess Cerebrospinal Fluid, Brit.
M. J. 1:499 (May 4) 1918. Hamilton, W. F.: Intracranial Pressure, Canad.
M. A. J. 8:873 (Oct.) 1918.

9. Trotter: Brit. J. S. 2:520, 1915, quoted by Lobingier: Cerebral Edema
in Intracranial Trauma, Calif. State M. J. 16:303 (June) 1918.

10. Garrow, A. E.: The Surgical Relief of Increased Intracranial Pres-
sure, Canad. M. A. J. 8:882 (Oct.) 1918.

11. Rogers, C. C.: Intracranial Pressure, Surg., Gynec. & Obst. 30:291
(March) 1920.
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McKibben 12 and Renauld,13 by intravenous injections of hypotonie
solutions (water and 0.6 per cent, sodium chlorid solution, respectively).

The expression "edema of the brain" as used here represents a

general edema of the brain substance and not the local edema about
bruises, or edema ex vacuo, or serous meningitis, or pia-arachnoid
edema or internal hydrocephalus. When edema is marked, at the
postmortem examination, the drumlike tenseness of the dura after
removal of the calvarium is conspicuous and commensurate with the
degree of intracranial tension. After the dura is reflected from the
top of the brain, the convolutions are found to be flattened ; the periph¬
eral ends of the sulci closed tightly ; the small cerebral veins empty,
and the larger branches near the superior longitudinal sinus sometimes
filled and wedged tightly in the sulci. The minute pial arteries are

almost, or quite, invisible; the surface of the visceral arachnoid layer
is dry and by reflected light, scattered, almost microscopic droplets
are seen that form when the viscid serous surfaces are separated. If
there is no subarachnoid hemorrhage, the surface of the brain is light
grayish-brown or the color of putty. When the brain is removed
from the cranial cavity, it is found to be soft, and easily loses its form
if laid on a flat surface. After the brain is hardened in liquor formal-
dehydi for several days, the following changes are noted : an increased
difficulty in cutting, closure of the lateral ventricles, and the absence
of the stippling of the brain substance by the small intracerebral blood
vessels—a condition also usually present with anemia from whatsoever
cause. Microscopically, the perivascular lymph sheaths are distended ;
and there are empty spaces between fibers and cells, the latter farther
apart than normally. Changes in the cells are sometimes absent. In
many brains, there are also the various types of bruises of the brain,
leptomeningeal hemorrhage and compressed regions from large extra¬
dural or intra-arachnoid blood clots. When Weed and McKibben,12
as mentioned, produced these changes, they also found them absent if
the skulls were first trephined so the brain might expand.

Believing that information as to the water content would aid in
explaining the rôle of the edema accompanying cerebral injury, deter¬
minations of the percentage of water were made of the brains from
the bodies of twenty-six persons who died of linear fractures of the
cranial bones and associated brain injuries.14 (See Tables 4 and 5.)

The head of the body was opened before the trunk so as to prevent drain¬
age of fluid from the head to the trunk and thus maintain pressure relations

12. Weed, L. H., and McKibben, P. S.: Experimental Alteration of Brain
Bulk, Am. J. Physiol. 48:531 (May) 1919.

13. Renauld, quoted by Liesegang and Mahr: Footnote 7, second reference.
14. Necropsies, medicolegal, by Dr. E. R. LeCount.
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in the cranial cavity more nearly like those existing during life. The brain
was removed from the cranial cavity and placed in a dry calvarium and
weighed. The thin meninges were then removed from the tops of the parietal
lobes; brain tissue was cut out and placed in weighed glass-stoppered weigh¬
ing bottles, and weighed immediately; the material was then removed quan¬
titatively to a beaker and kept in redistilled 95 per cent, alcohol until used.

The method employed to determine the water content is essentially
that devised by Waldemar Koch,15 modified by Mathilde L. Koch,16
and followed by McKenzie and LeCount17 in the study of edema of
the brain following heat stroke.

The brain tissue is cut into small pieces, transferred to a dried, weighed
extraction thimble and extracted in a Soxhlet apparatus for from six to twelve
hours with redistilled 95 per cent, alcohol, and from six to eight hours with
redistilled ether. After the ether evaporates, the dry white porous tissue is
ground to powder in a glass mortar, transferred to a beaker, and digested
with hot distilled water on an electric plate for fifteen minutes. The water
is decanted into another beaker, and similar water digestions repeated three
times. The water extracts are evaporated to about 25 c.c. ; redistilled 95 per
cent, alcohol is added to precipitate the water soluble proteins, and the solids
are again transferred to the extraction thimble to be extracted in the Soxhlet
apparatus for from twelve to eighteen hours with redistilled 95 per cent,
alcohol. The alcohol, ether and water extracts and filtrates are evaporated
together and dried to constant weight in a vacuum desiccator. The residue
and the extraction cup are dried in an oven at 105 C. to constant weight.
The sum of the weights of the dried extracts, filtrates and residue gives the
weight of the solids, and subtraction of this sum from the weight of the
fresh tissue gives the weight of the moisture.

Even this method does not furnish an exact measure of the water
content of brains from bodies in which increased intracranial tension
existed before death, for these reasons :

1. The fall of blood pressure and the passage of blood from the
head to the trunk after death decrease the intracranial tension and may
permit some fluid to escape from the brain tissue into the leptomeningeal
spaces and even into the spinal canal.

2. When the skull-cap and dura are removed, intracranial tension
is reduced ; the tension on the fluid in the bram is reduced, and fre¬
quently fluid drips from the brain while the latter is being removed
from the cranial cavity.

15. Koch, Waldemar: J. Am. Chem. Soc. 31:1340. 1909.
16. Koch, M. L., and Voegtlin. C.: Chemical Changes in the Central Ner-

vous System in Pellagra, Bull. 103, Hyg. Lab., U. S. Public Health Service,
Washington, D. C., 1916, p. 67.

17. McKenzie, P., and LeCount. E. R.: Heat Stroke with a Second Study
of Cerebral Edema, J. A. M. A. 71:260 (July 27) 1918.
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3. When the leptomeninges are removed before cutting out brain
tissue for weighing, fluid wells up into the sulci and frequently half
fills them in the few seconds required to excise sufficient tissue.

The increase of water found by this method, therefore, represents
simply some part of the actual increase of moisture in the brain that
existed before death. When intracranial tension is not increased, the
chance for loss of water is not so great and the determinations are more

nearly correct. The smaller amount of increase found in the analyses
when gray matter predominated (Table 5) may be due to the proximity
of this tissue to the surface of the brain where the fluid may more

easily escape.
There are several other factors entering into the analyses that may

interfere with the use of the results obtained in arriving at definite
conclusions as to the actual increase of fluid in the brain substance :

1. The normal water content of the whole cerebrum and of some of
its components has been computed by several investigators ; and it is
readily understood that similar parts of the brain must be used in each
analysis, and that the normal water content of such pieces must be
determined for control purposes (Table 1).

TABLE 1.—Normal Water Context of the Whole Cerebrum
and of Some of Its Components

White Gray
Investigator Cerebrum, Matter, Matter,Per Cent. Per Cent. Per Cent.

Baumstark (Arch. f. d. ges. Physiol, Vol.7). 69.53 76.99
Bernardi (quoted by Halliburton). 70.00 83.00
Petrowsky (quoted by Halliburton). 68.00 81.00
DeBegibus (quoted by Halliburton). 70.00 86.00
Charles (quoted by Halliburton). 81.00

. .
Koch and Voegtlinln. 76.90

. .

Thudichum 7 (Die chemische Constitution des Gehirns,
Tübingen, 1901). 70.20 85.20

Halliburton (Chemical Physiology and Pathology, Lon¬
don, 1891, p.517). 70.00 83.50

Hammarsten (quoted by McKenzie and Lecount1T). 76.3
.

.

2. The water content of the brain decreases from infancy to old
age. Rosenheim ls found the water content, in percentage, to be 78.86
for man, 85.8 for a child of 3 months, 89.99 for a child of 5 clays, and
90.29 for a fetus of 36 weeks.

3. In albino rats it has been found that the water content of the
brain increases after death.1" When death was due to pneumonia,
there was from 0.7 to 0.8 per cent, more water in the brains of animals

18. Rosenheim: Purification of Kerasin and Phrenosin, Biochem. J. 8:110,
1914, quoted by Mathews, A. P.: Physiological Chemistry, Ed. 1, 1915, p. 579.

19. King. H. D.: The Effects of Pneumonia and of Postmortem Changes on
the Percentage of Water in the Brain of the Albino Rat, J. Comp. Neurol.
21:147-154, 1911.
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dead for eight or nine hours than there was in other animals examined
immediately after death, other conditions being quite similar as regards
age and breed.

4. After adult life is reached, the water content of brains of
individuals of the same age is not the same, because atrophy is more
marked in some (because of arterioscleriosis, alcoholism, etc.). There¬
fore, edema of some degree may be present in such a brain with
atrophy and still the brain may not show by actual measurement any
more water than normally present, or at the most a slight increase.

5. Murachi20 found in experiments on swelling of the brain sub¬
stance that the gray and white matters swell differently.

To decrease the errors that might result because of these factors,
the water content of control brains was determined. In the first series,
a piece of brain was removed from the upper surface of each cerebral
hemisphere close to the motor region, cone shaped, the base being
from 4 to 5 cm. in diameter and from 5 to 6 cm. deep. In such
pieces, the white matter predominates. Four brains were examined
with the results given in Table 2.

TABLE 2.—Water Content of Control Brains for Series 1

Weight of
Case Per- Brain Tis-
No. centage sue Used

of in Grams
Water

21

28

29

30

75.83

74.36

75.44

95.6258

97.6866

79.8297

129.9408

Patient in
Hospital

ì hours
'25 min.

7 hours
45 min.

Found dead

Time Elapsed
Between In¬

jury
and En¬
trance

2 to 3 hrs.

Unknown

Time
Elapsed Be- Age

tween in
Death Years

and
Necropsy
10 hours 27

14 hours

Unknown

21 hours

35

20

45

Cause of Death

Bullet wounds; hemo¬
thorax, 1,795 gm. of
blood*

Bullet wounds; hemo¬
thorax

Bullet wounds; hemo-
pericardium

Bullet wounds; hemo¬
thorax

* Difficulty was encountered in finding brains which could be used as controls because
the water content of brains is disturbed by many causes of death. With general acute
anemia, edema of the brain is present; but as the analyses show, the edema is minimal.

The normal water content for the pieces of brain used in Series 1
is near 75.5 per cent. Allowing for changes due to absorption of
water after death and the variation due to age and preexisting diseases,
an actual increase of water is considered to be present when the analysis
indicates that the percentage of water is above 76 per cent.

In the second series, a thin piece was removed from the upper
surface of each hemisphere, the thickest portion measuring not more

than 1 cm. Gray matter predominates in these pieces. The material
used by MacKenzie and LeCount17 was of similar parts of the brain ;

20. Murachi, N.: Ueber die titrierbare Azidit\l=a"\tund die Quellungsf\l=a"\higkeit
des ur\l=a"\mischenGehirns, Arb. a. d. neurol. Inst. a. d. Wien. Univ. 10:327, 1912.
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and the two analyses of control brains which I made agree with their
results for the normal brain. In this series, 80 per cent, of water is
used as the highest limit for normal brains.

These figures for normal brains take into account absorption of
water that may occur after death, since the bodies of both the control
and skull fracture groups were kept in approximately the same condi¬
tions, and both contain instances in which the bodies were examined as

long as twenty-four hours after death.

TABLE 3.—Water Content of Control Brains for Series 2

Case Per-
No. centage

of
Water

Weight of
Brain Tis¬

sue Used
in Grams

Patient in
Hospital

Time Elapsed
Between In¬

jury
and En¬
trance

Time
Elapsed Be-

twe:  
Death

and
Necropsy

Age
in

Years

Cause of Death

95.5795
75.9051

Found dead
25 min.

Unknown
24 hours

21
40

Bullet wounds
Bullet w-ounds

TABLE 4.—Results and Conditions Connected with Examinations
of Brains in Series 1 (Skull Fractures)

No.

9
111
11
12
13

14
15
W
19

Per¬
centage

of
Water

79.35
78.04
75.40
78.30
75.16
75.85
77.77
75.22

76.90
76.97
79.70
77.50

Esti¬
mated In¬

crease
of Water

in Per¬
centage

0

3.35
2.04

0
2.30

0
0

1.77
0

0.90
0.90
3.70
1.50

Weight
of

Brain

1,136
1,345
1,326
1,375
1,266
1,339
1,255
1.455
1,289

1,368
1,280
1,102
1,733

Esti¬
mated

Increase
of Water
in Whole

Brain

45.05
27.05

0
29.12

0
0

25.75
0

12 31
11.52
40.77
25.99

Patient in
Hospital

8 days
8 hours

37 hours
1.5 hours

11 days
29 hours
33 hours

1 hour
1 hour
2 days
8 hours

50 hours
50.5 hours
36 hours
17 hours

Hours
ElapsedBetween
Injury

and
Entrance

Hours
Elapsed
Between
Death

and
Necropsy

Pew hours 3 hours

4 hours
5 hours

Pew- hours
Few hours

7 days
1 hour

5 to 7 hours
Unknown

1 hour
Unknown
lday

Unknown

19.5 hours
9 hours

24 hours
7 hours

24 hours
12 hours
12 hours
22 hours

Age

£0
50
53
40
44
28
55
42

6 hours 33
6 hours 30
4 lours

, 2
16.5 hours ! 35

In Table 4, the results and some of the conditions connected with
the examinations of the brains in Series 1 are listed, and in Table 5
those of Series 2.

COMMENT

The actual increase of water for the entire brain when edema is
present varies between 3 and 45 gm. Many attempts have been made
to determine the volume of a foreign body that will produce symptoms
or death when in the cranial cavity. Deucher 21 injected masses of
paraffin into the cranial cavity of animals and found that when 6 per

21. Deucher: Ueber Hirndruck, Deutsch. Ztschr. f. Chir. 36:145, 1893.
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cent, of the brain volume was introduced no changes occurred ; but
with 10.1 per cent., there was slowing of the pulse and respiration.
Schulten22 believes that in man there may be from 40 to 90 c.c.

decrease of intracranial space by extradural hemorrhages and no symp¬
toms necessarily follow. Sixty-eight c.c. of free blood between the
dura and the cranial bones have produced moderate stupor and slowing
of the pulse; and 116 c.c. have produced marked symptoms of intra¬
cranial pressure with coma. Schulten also states that 130 c.c. of free
blood in the subdural space may produce no symptoms, while 250 c.c.

soon produces death. Cushing23 states that unless some specialized
centers are compromised by a compressing force, the cranial cavity may
harbor a foreign body from one-eighth to one-tenth the size of the

TABLE 5.—Results and Conditions Connected with Examinations
of Brains in Series 2 (Skull Fractures)

No.

 
2
3
4

17
18
20
22
23
24
25
26
27

Per¬
centage

of
Water

78.74
80.9
79.0
82.20
78.29
81.48
79.39
79.30
80.71
81.86
81.01
81.62
80.22

Esti¬
mated In¬

crease
of Water

in Per¬
centage

0
0.9

0
2.20

0
1.48

0
0

0.71
1.86
1.01
1.62
0.22

Weight
of

Brain

1,562
1,327
1,348
1,350
1,509
1,319
1,579
1,377
1,295
1,333
1,391
1,341
1,336

Esti¬
mated

Increase
of Water
in WThole

Brain

Patient in
Hospital

0
11.94

0
29.70

0
19.52

0
0

9.19
24.79
14.04
21.72

2.93

48

8 hours
0 hours
1.40 hours
3.30 hours

hours
hours
hours
hours
hours
hours
hours
hours
days

Hours
Elapsed
Between
Injury

and
Entrance
Unknown
Unknown

3 or 4
10 ?
Unknown

3 or 4
Few hours
Unknown
Unknown
Unknown

3 or 4
2 hours
3 hours

Hours
Elapsed
Betw-cen
Dentil

and
Necropsy

12
•:o
16
13

9
14
4

10

Age

45
60

67'
35
45
65
60

7
40
70

brain, without the major symptoms of compression appearing. Pagen-
stecher 24 did not find general symptoms of compression when 6.5 per
cent, of the cranial cavity was occupied by a foreign body ; but with
8.1 per cent., coma and sudden death occurred.

The variance in the figures quoted is dependent on the unequal
vulnerability of the various parts of the brain to pressure. Breslauer 25

produced unconsciousness in dogs by the injection of 2 c.c. of physio¬
logic sodium chloric! solution in the subarachnoid space at the base of

22. Schulten: Arch. f. klin. Chir. 32:433, 455, 947, 1885, quoted by Kocher:
Footnote 1.

23. Cushing: Some Experimental and Clinical Observations Concerning
States of Increased Intracranial Tension, Am. J. M. Sc. 124:375-400, 1902.

24. Pagenstecher, quoted by Kocher: Footnote 1.
25. Breslauer: Zur Frage des Hirndrucks, I. Ueber akuten Hirndruck,

Arch. f. Clin. Chir. 103:478-496, 1914.
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the brain, while Duret26 was able to inject 18 c.c. of a similar solution
before symptoms appeared.

Even though the actual increase of water in some of the brains
examined would appear to be insufficient to produce symptoms when
compared to the figures quoted above, the tenseness of the dura, after
the removal of the calvarium and the absence of other foreign bodies
(such as clots, etc.), suggest that edema is the cause of the increased
intracranial tension. The experiments of Weed and McKibben12
indicate that edema alone causes swelling of the brain sufficient to
produce protrusion of the brain through trephine holes and cerebral
hernia. Positive proof that edema plays a rôle in the production of
symptoms of intracranial pressure in fractures of the cranial bones
may be obtained by surgeons from clinical observations. If edema
does cause symptoms of intracranial pressure, then they should usually
appear several hours after the injury and increase up to the end of the
second or third day, and then diminish unless death ensues. If other
causes for increased intracranial tension (such as extradural and sub-
dural clots) are absent or of minimal extent, it may well be concluded
that edema may produce the symptoms of intracranial tension.
Reichardt " and others have suggested that the increase of the volume
of the brain may be due to a colloid-chemical phenomenon, based on

the work of Fischer 27 and others,28 and this may explain the marked
swelling in the presence of a relatively small increase of the water
content of traumatized brains.

CONCLUSIONS

1. Edema of the brain occurs frequently with fractures of the
cranial bones.

2. Edema was most frequently found in the brains of persons who
died between several hours after the accident and the second or third
day ; it was usually absent when death occurred during the first few
hours or three or more days after the injury.

3. It is not yet known whether edema of the brain plays an

important part in producing symptoms and death in fractures of the
cranial bones, or whether it is merely a terminal pathologic condition
dependent on changes in the brain tissue, physical or chemical, that
are the essential lesions of traumatized brains.

26. Duret: Etudes experimentales et cliniques sur les traumatismes cere-

braux, Paris, 1878.
27. Fischer, M. H.: Oedema and Nephritis, New York, John Wiley & Sons,

Ed. 3, 1921, p. 731.
28. Barbieri and Carbone; Liesegang and Mahr: Footnote 7.
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II. BRUISES OF THE BRAIN

The examination of the hardened brains used in the analysis for
water content revealed some characteristics of bruises of the brain
and traumatic leptomeningeal hemorrhage that have not been given
careful consideration in the literature that I have reviewed.

In a previous report20 in which were described the bruises in the
brains of 504 persons who died with fracture of the cranial bones,
a classification of bruises was made to bring out the extent of the
cerebral destruction. In about 10 per cent, of the 504 brains, there
were deep lacerations, the leptomeninges were torn widely open, and
the brain was destroyed for from 2 to 4 cm. deep, and in areas of
from 4 to 6 cm. The remainder of the bruises varied from wedge-
shaped regions from 2 to 4 cm. deep, the leptomeninges covering them
being torn sometimes, and the brain tissue being infiltrated with blood
and superficially destroyed, to smaller bruises frequently consisting
merely of petechial hemorrhages of the cortex. After careful consid¬
eration of the bruises in the twenty-six brains studied in this series, still
another classification of bruises presented itself. In the first class are

those which result from laceration of the brain tissue at the time that the
cranial bones are fractured, and in the second, a much larger group,
bruises which are caused by hemorrhage from torn pial arteries at, or

near, the junction of the white and gray matter. It is with the second
class that this discussion is chiefly concerned.

When a hardened brain from the body of a person dying with
fracture of the cranial bones is examined, the first thing usually noticed
is free blood in the leptomeninges, sometimes thick enough to hide
the convolutions of the brain and sometimes only enough to make the
sulci brown. But common to all is the patchy distribution of the blood
and the presence of the blood chiefly in the leptomeninges of the front
half of the top of the brain, while at the base the surface and the
margins of the bruises are covered with blood. Traumatic intralepto-
meningeal hemorrhage does occur without grossly visible bruises of the
brain ; but much more commonly it results from cerebral injury. In view
of the fact that the base of the brain is frequently injured, while the
upper surface is injured infrequently, there must be distinct anatomic
or physiologic conditions to explain this phenomenon. A fact that
does not agree with the explanation that the leptomeningeal hemorrhage
is the result of trauma to the thin meninges of the top of the brain is
that the blood can usually be traced to bruises of the under surface or

sides of the brain, being thickest near the bruises and gradually thinning
29. LeCount, E. R., and Apfelbach, C. W.: Pathologic Anatomy of Trau-

matic Fractures of Cranial Bones and Concomitant Brain Injuries, J. A. M. A.
74:501-511 (Feb. 21) 1920.
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out toward the top of the brain. Still another explanation may rest
in the flow of the cerebrospinal fluid from the base toward the
pacchionian bodies, which would carry the blood with it to the top
of the brain. During the removal of the leptomeninges of the brain in
order to determine the exact amount of bruising of the outside of the
brain, it was found that the leptomeninges of the top and sides of the
front of the brain are easily stripped from the surface and out of the
sulci ; whereas at the base, only small pieces can be removed because
of the tightness with which the membranes hug the surface of the
brain. Inasmuch as bleeding follows the lines of least resistance, I
believe that it is the latter factor that determines the spread of the

Fig. 1.—Posterior surface of a coronal segment of the cerebrum at the level
of the anterior horns of the lateral ventricles : a and c indicate two bruises,
the centers near the junction of the gray and white matter; the outside of
the brain at c grossly is unchanged, while at o it is unchanged except for
grayish-black discoloration. At & is a large bruise entirely inside the brain
since there is a thin strip of gray matter at the surface. At d is a bruise, all
in the gray matter and extending to the surface, for here there is shallow
excavation, the surface honeycombed and mottled brown and gray.

blood to the top of the brain instead of into the tightly adh:rent
leptomeninges of the base.

When the surface of the brain is examined after the leptomeninges
are removed, many signs of injury are found that cannot be seen with
the membranes still in place. Often when the leptomeninges are not
torn and only leptomeningeal hemorrhage is seen, multiple small bruises
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can be found. Aside from the larger lacerations already excluded from
this description, the surface appearance of the injuries is as follows :

The minimal changes consist of gray-black discolorations of the
surface, from 1 to 10 mm. in their greatest dimension. They are

located a variable distance centrifugally from the largest bruises. A
little more extensive, and the most frequent, type of injury is defects
(Fig. 3, c and b) of the most prominent parts of the convolutions,
from 1 to 4 or 5 mm. deep and from 1 to 10 mm. in the greatest surface
dimension, round, oval or irregular in outline, the base being granular,

Fig. 2.—Anterior surface of a coronal segment from the left cerebral hemi¬
sphere about 5 cm. posterior to the frontal pole. At b and c are two bruises,
1 cm. from the under surface of the brain, with intact brain tissue intervening.
They are both at the central end of a sulcus and near the junction of the
gray and white matter. At  is a defect in the under surface filled by a blood
clot, and there was a sulcus in the center of the clot; the defect probably
resulted from bleeding which occurred from a lesion similar to those at
/; and c. At d is a laceration of the brain with additional destruction by
bleeding from torn blood vessels in the surrounding brain tissue. The accu¬
mulation of blood in the leptomeninges and tearing from distention are illus¬
trated at e.

discolored a light brown to gray-black, and made up of numerous,
small, semispherical depressions at the bottoms of which there are

frequently minute hemorrhages. The margins are slightly scalloped,
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sharply demarcated, the surrounding tissue for from 1 to 3 or 4 mm.

discolored a light brown to gray. Still more extensive injuries, result¬
ing from hemorrhage, are defects (Figs. 2 a and 4 a) filled with clotted
blood, from 5 to 15 mm. in diameter, the surrounding tissue intact or

discolored a light brown to gray, or superficially absent, as in the
second type described.

In surfaces made by sectioning the brain in the usual way, at the
regions of discoloration of the outside of the brain, hemorrhages are

present, from 1 to 20 mm. in diameter, separated from the surface
of the brain by a layer of gray matter from 1 to 2 or 3 mm. thick. Fre-

Fig. 3.—Posterior surface of a coronal segment of the left cerebral hemi¬
sphere, 4 cm. posterior to the frontal pole. Multiple hemorrhages are present
in the under surface at, or near, the junction of the gray and white matter.
At a beginning extension of bleeding from a hemorrhage is seen. At b the
blood has already reached the surface and produced here a round, black, slightly
honeycombed depression. At c, there is a saucer-shaped excavation, the sur¬

face honeycombed, mottled black and gray, the black spots representing the
hemorrhages present in the gray matter. Smaller hemorrhages are seen with
extension toward the surface in thin streaks, probably along perivascular sheaths.

quently, hemorrhages are found at the junction of the gray and white
matter without any gross changes of the surface of the brain opposite
them (Figs. 1 c and 3a).

Surfaces through the bruises of the second type show small or

large hemorrhages at, or near, the junction of the white and gray matter,
immediately above the base of the defects. Occasionally, no hemor-
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rhages are present here, and it may be assumed that the bleeding had
carried with it all the brain tissue immediately peripheral to the inner¬
most level of the hemorrhage (Figs. 3 c and 4 a).

Surfaces through the larger bruises show defects from 1 to 2 cm.

deep, filled with clotted blood, the margins of which are discolored,
and in the surrounding brain tissue are multiple petechial hemorrhages
or simply discoloration. In the latter instance, if the clotted blood is
removed, nothing more is seen than in the superficial contusions, as if

Fig. 4.—Posterior surface of a coronal segment from the left cerebral hemi¬
sphere near the anterior horn of the lateral ventricle. At a, in the surface,
there is a round, black blood clot, 5 mm. in diameter, and about it for from
5 to 7 mm. multiple smaller black regions. A sulcus extended into the brain
here. There are also multiple small hemorrhages at, or near, the junction
of the gray and white matter, many of which extend into the excavation,
but not shown here, because they are seen on the external surface. At b is
a small hemorrhage beginning at the junction of the gray and white matter
and extending to the surface. Other smaller, round and linear hemorrhages
in the gray matter are also present.

a hemorrhage had occurred as indicated in Figure 1 a and b, and then
broken through to the outside, leaving merely a cavity. In Figure
2, a and (/ indicate two typical bruises of this type.
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I believe that these three types of bruise are merely stages of one

process. In many instances of fracture of the cranial bones, the force
is not sufficient to lacerate the brain, but only sufficient to tear the
small arteries in the cortex, chiefly at the junction of the gray and
white matter. Bleeding then occurs, and, depending on the size of the
vessel torn and of the rent, a small hemorrhage results, or bleeding
continues and the blood infiltrates the gray matter, reaches the surface
of the brain and breaks through into the leptomeninges. The explana¬
tion for the predilection of the region of the junction of the gray and
white matter for the greatest injury may rest on anatomic features.
Perhaps the thin meninges with the thin layer of fluid in them serve

as a cushion for the surface of the brain sufficient to prevent injury
to the outside, while the force as it is transmitted through the brain
from a medium of lesser density (gray matter) to one of greater
density (white matter) or vice versa, produces the greatest commotion
at, or near, the junction.

Lacerations of the leptomeninges are another type of lesion which
may depend on hemorrhage instead of on injury at the time of fracture
of the cranial bones. In some instances, when these are present, the
injury to the brain is only moderate as in Figure 2 e; but usually, there
is a thick layer of blood in the leptomeninges. These lacerations of
the leptomeninges are usually of the base. Perhaps the tensile strength
of the thin meninges is less than the strength of the fibrous bands
holding the membranes to the surface of the brain, so that when bleeding
occurs from bruises of the brain, the blood, instead of spreading in
the leptomeninges, ruptures them and runs into the intra-arachnoid
space (subdural). This receives some support from the frequency
of lacerations of the base and of the sides near the base where the
leptomeninges are tightly adherent to the surface, and their infre-
qtiency at the top of the brain where they are less adherent and spread
of blood in them occurs more readily.

The question may be asked why the bleeding from torn vessels
at, or near, the junction of the gray and white matter is toward the
outside of the brain instead of into the white matter. Again it may
be stated, that bleeding follows the lines of least resistance. The cortex
is softer than the white matter, owing to the preponderance of cellular
tissue, so that the blood more easily spreads through this layer than
through the white matter.

Another characteristic of brain bruises worthy of mention is that
frequently in brains of people w-ho die shortly after injury the bruises
are superficial ; whereas if life continues for one or two days, or more,

larger bruises are found. This may be due to bleeding persisting for one

or two days after the injury before it ceases, in this way giving the
bruises a chance to enlarge.
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CONCLUSIONS

1. Aside from the severe lacerations of the brain that occur at the
time of injury, most bruises of the brain result from bleeding due to
rupture of the pial arteries at, or near, the junction of the white and
gray matter.

2. The leptomeninges with the cerebrospinal fluid in them protect
the surface of the brain from injury in many instances, and the force
is expended at, or near, the junction of the white and gray matter
because of difference in density of these tissues.

3. Traumatic leptomeningeal hemorrhage is most frequent at the
top of the brain because the thin meninges are less firmly adherent
to the brain, and the spaces between the visceral layer of the arachnoid
and pia are larger than at the base of the brain.

4. Lacerations of the leptomeninges of the base of the brain are

caused both by trauma at the time of fracture of the cranial bones
and by subsequent bleeding into them from cerebral injuries.
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